Abstract. Synthesis of the enzyme lipoxygenase in the cotyledons of the mustard seedling (Sinapis alba L.) is controlled by phytochrome (Pfr) through a threshold mechanism. The repression of enzyme synthesis by Pf, is a very rapid process after the threshold level is surpassed. Similarly, enzyme synthesis starts instantaneously and with full speed as soon as the Pf, level decreases below the threshold level. Thus Pf, rapidly inhibits synthesis of an enzyme and functions through an all-or-none control mechanism of high precision.
6, 10, 15, and 20 min after the start of the reaction. The reaction in the sample was stopped by addition of 9.0 ml 80% ethanol. After centrifugation, the hydroperoxide in the supernatant was spectrophotometrically measured at 234 nm.
The kinetics of the test reaction are linear over at least 30 min. The velocity is proportional to the enzyme concentration within the range of enzyme concentrations used. The pH-optimum for the extraction and for the test reaction is close to 7.0 in dark-grown as well as in far-red-grown seedlings. The enzymes of both seedlings types have the same Michaelis constant. Approximately 90% of the total extractable enzyme of the seedling is localized in the cotyledons. The enzyme appeared homogeneous on disk electrophoresis.
Expressed levels of Pf1: The amount of Pf1 is always expressed as a fraction of the total amount of phytochrome spectrophotometrically measured at time zero, which is 36 hr after sowing. Since this initial value is constant, the term "per cent Pf," represents the actual level of Pf,.
Results. Phytochrome control of lipoxygenase synthesis: Phytochrome levels: Marm. 6 The inhibitor thus is acting specifically rather than in a nonspecific manner. Since the enzyme level never decreases below the control under continuous far-red light, it is improbable that enzyme turnover occurs during the 12-hour experimentation period.
In conclusion, any increase in enzyme activity represents a corresponding synthesis. The half lives of the transcription intermediates are relatively short, while that of the enzyme is long.
Evidence for involvement of phytochrome: The usual criteria of photoreversibility are met for involvement of phytochrome in arresting lipoxygenase activity (Fig. 4) . The data suggest a threshold mechanism for action of Pfr.
A lag period of four and one-half hours for enzyme synthesis follows a 5-minute irradiation with red light which gives 80 per cent Pfr at zero time (Fig. 4) Test of the threshold concept: Establishing 18 per cent Pfr by irradiation of seedlings for 10 minutes with 705-nm radiation," which fully establishes the PfI/P, equilibrium, should lead to a lag period of three hours corresponding to four half-lives of Pf1. This is observed to be the case (Fig. 5) The threshold level for stopping enzyme synthesis is thus attained after some time, which in this case is four and one-half hours from time zero (Fig. 6) . Obviously the newly-synthesized phytochrome is equal in effectiveness to that initially present. [h] 12 time The control experiment, in which one hour of red light is followed by darkness, is also in accord with the threshold concept. The irradiation reduces Pfr to 32 per cent Ptot. This decays to below 1.25 per cent Pfr in somewhat less than four hours. Enzyme synthesis thus begins after a total of nearly five hours from time zero (Fig. 6 ).
Tests of reciprocity: Pfr originates from P, following a first-order photochemical reaction. As long as only simple photochemistry is involved, reciprocity is expected to hold. Applied to mustard seedlings, this means that irrespective of intensity, a given number of quanta per cm2 is required to reach 1.25 per cent Pr, the threshold level. The experimental results are summarized in Figure 7 . The standard far-red intensity (100% irradiance) establishes 1.25 per cent Pfr so rapidly that the course of the reaction cannot be followed on the enzyme level. An is generally applicable to phytochrome action. In typically graded responses, e.g., anthocyanin formation of the mustard seedling,"2 no threshold could be detected. '6 It could be that in cases of graded responses the degree of synchronization within the responding cell population is too low for a threshold response of the population. Even if every cell responds in a threshold manner, a high variability of the threshold would lead to a graded response of the cell population involved.
Our data contribute to a better understanding of the in vivo properties of phytochrome in the mustard seedling. First, we may conclude that there is no detectable dark reversion of Pfr to Pr. This result is in agreement with recent spectrophotometric measurements in the mustard seedling.10 Secondly, the presence of physiologically inactive phytochrome ("bulk" phytochrome)"7 which leads to "paradoxes,"'7 i.e., nonrational correlations between the spectrophotometrically detectable phytochrome contents and physiological responses, can be excluded. The same result was reached by Lange'8 in an investigation of the phytochrome-mediated anthocyanin formation of the mustard seedling.
The possibility remains, however, that only a fraction of the total phytochrome is concerned with the regulation of lipoxygenase synthesis. This fraction, however, must be constant and may not differ in its kinetic properties from the rest of the total phytochrome.
Our data permit no conclusion on the so-called "primary action" of Pfr(Pfr + X * PfrX). It is obvious, however, that repression (Fig. 2) and derepression (Fig. 5 , two hours red -* far-red) of lipoxygenase synthesis occur without a detectable lag after the Pfr threshold is passed in one or the other direction.
Thus, the rapidity of a Pfp-mediated response'9-21 is not a general argument against the idea that regulation of RNA and enzyme synthesis is closely linked to the "primary action" of Pfr. We must admit that a detailed and fully substantiated "molecular" hypothesis of the process Pf, + X -* PfrX is not avail-VOL. 65, 1970 BOTANY: OELZE-KAROW ET AL. 57 able at the moment. We want to emphasize, however, that any "molecular" hypothesis about the "primary action" of Pft must explain not only the threshold phenomenon but also the specificity-and the rapidity3 ' 22 of the Ppmediated responses on the enzyme level.
The results which are summarized in Figure 7 create problems which we cannot solve at the moment. Why does reciprocity hold even under conditions (low irradiances) where the photochemical rate constant is low compared with the rate constant of the Pf1 decay (cf. Fig. 1 )? This problem is inherent also in a number of earlier papers on phytochrome, like the one by Withrow et al. 23 on action spectra. The dose-response curves which show linearity in a semilogarithmic coordinate system down to very low irradiances can be understood if the Pf, decay is negligible. On the other hand, there is no indication that Pf, decay does not occur at low Pf1 concentrations (cf. ref. 10). In which way are the Pf, molecules "counted" before they are subjected to the decay? The answer to this question will possibly lead to a better understanding of the "primary action" of Pf,.
